In this paper, a new approach is proposed to enhance the handwriting image by using learning-based windowing contrast enhancement and Gaussian Mixture Model (GMM). A fixed size window moves over the handwriting image and two quantitative methods which are discrete entropy (DE) and edge-based contrast measure (EBCM) are used to estimate the quality of each patch. The obtained results are used in the unsupervised learning method by using k-means clustering to assign the quality of handwriting as bad (if it is low contrast) or good (if it is high contrast). After that, if the corresponding patch is estimated as low contrast, a contrast enhancement method is applied to the window to enhance the handwriting. GMM is used as a final step to smoothly exchange information between original and enhanced images to discard the artifacts to represent the final image. The proposed method has been compared with the other contrast enhancement methods for different datasets which are Swedish historical documents, DIBCO2010, DIBCO2012 and DIBCO2013. Results illustrate that proposed method performs well to enhance the handwriting comparing to the existing contrast enhancement methods.
INTRODUCTION
Perceiving, reading and searching handwritten from an archived and old documents through human efforts can be cumbersome. Recently, it has become an important task to collect and store the archived and old documents as a digital data in clouds and there are various techniques to digitize those documents such as scanning by laser scanner or taking snapshot by a camera. Latter approach is easier and faster than the former one to digitize the documents but it may bring undesired artifacts on the document images. On the other hand, digitized documents are widely used in the areas of image processing and pattern recognition to resolve the text image problems such as character detection and recognition [1, 2] , text binarization and reduction of the noise [3, 4] . Another important problem is to enhance the quality of handwriting on the images which will affect the accuracy of the other text image problems.
Digitized documents may be affected with various factors which may reduce the handwriting legibility and cause the degradation of handwriting and image. Some of these factors are camera characteristics, noise, different lighting conditions, deterioration and loss of visibility of handwriting on documents etc. These factors are often observed on images and current handwriting enhancement methods have mostly ignored such important factors in their methods when they are applied to the degraded images. This may cause reducing the visibility of handwritten and quality of image. Therefore, it is necessary to consider these factors to enhance the handwriting on the degraded images for perceiving and reading it better.
Handwriting enhancement is a critical and difficult task and it is essential prerequisite to perceive and read the handwritten on the images. There are local-based and global-based methods currently employed to enhance the visibility of text on the old document images [3, 4, 5, 6, 7] . Global enhancement methods are based on the general enhancement of all pixels on the images and enhancement of all image pixels improves text quality. However, it also increases aliasing, noise and other artifacts. Applying enhancement methods to the whole document image will cause reducing both perceiving the handwritten on the image and the overall reproduction quality.
In [4] , threshold approach combined with artificial neural network (ANN) is proposed for removing the noise and enhancing the handwriting on the scanned image for text recognition. The method uses several preprocessing methods such as noise reduction by using median filter, threshold technique and normalization. However, the details of the handwriting will be lost by using those techniques on the image and the method may not provide good results in terms of quality enhancement of text and the quality of image. In [5] , windowing method is proposed as a local-based method to enhance the contrast of the image. Bilateral filter is used within a window to smooth pixels in the center of the window relative to the rest of pixels. Another local-based contrast enhancement technique was proposed in [6] and it uses a small window that slides through every image pixel sequentially. However, the method enhances all pixel intensities in the image and enhances any noise in the input image. Besides this, there are other methods for enhancing the images such as general and adaptive histogram equalization [3, 7] , wavelet-based contrast enhancement [8] and others [5, 9] .
In this paper, we propose a new method which is a learning-based windowing combined with contrast enhancement and Gaussian Mixture Model (GMM). A fixed size window moves over the document image to obtain the quality of handwriting based on two different quality measurement techniques which are discrete entropy (DE) and edge-based contrast measure (EBCM). Estimated results are used in the unsupervised learning method by using k-means clustering to assign the quality of patch of the handwritten document as a bad or as a good. Thus, we will have two different cases. In the cased of low quality of handwriting in the window, contrast enhancement method is first applied to the window to increase the quality of handwriting. After that, GMM is used to the both original and enhanced part of the image to smoothly combine information between each other to create the final patch. The second case if the quality of handwriting is high in the window or there is not text in the window. In this case, window moves to the next part of the document image and continues until it finds a low quality of handwriting on the image. Proposed method is combined with the modified histogram for contrast enhancement (MHCE) method [10] to understand and analyze the performance of the proposed approach. Simulation results demonstrate an improvement in the objective measure of DE, EBCM and peak signal to noise ratio (PSNR) comparing to the other contrast enhancement methods. Numerical experiments, on different test images, illustrate the effectiveness and efficiency of our approach.
The rest of the paper is organized as follows. In Section 2, we describe the steps of our proposed method. Section 3 demonstrates the performance of the proposed system and Section 4 concludes the paper.
PROPOSED HANDWRITING ENHANCEMENT METHOD
The purpose of the proposed method is to enhance the handwriting on the degraded images. Proposed method has three different steps which are 1) Learning-based windowing, 2) Quantitative measurement and assigning the quality of pathc, and 3) GMM for image representation. These steps are applied to the windowing image if the handwritten within the window is low quality. Otherwise, the learning-based windowing moves to the next patch of the image until it estimates the low quality of handwritten. Fig. 2 shows the block diagram of the proposed method.
Learning-Based Windowing
Current global and local contrast enhancement methods are not suitable to resolve the handwriting image enhancement problem. Global enhancement methods are designed to apply to the image to enhance the contrast of all image pixel intensities as well as undesired artifacts on the image such as noise. This will cause more degradation on the image as shown in Fig. 1 (c) and it will cause reducing both perceiving the handwriting on the image and the overall quality of document image. Existing local-based methods are non-learning-based methods and they are applied to the image without decision making [4, 5, 6, 9] . By enhancing contrast of an image without learning-based method, the contrast of handwriting can be overenhanced which will decrease the quality of handwriting or empty area of the document will be enhanced which is not necessary. Fig. 3 depicts example of overenhanced handwriting images by using contrast enhancement method [3] . For instance, Global histogram equalization method (GHE) [3] applied to the two original images as shown in Fig. 3 (a) and the Fig. 3 (c) (DIBCO dataset [17] ), respectively. Result images, as illustrated in Fig. 3 (b) and Fig. 3 (d) , show that using contrast enhancement directly to the whole image causes bad illustration of the handwritten document images. Besides this, figures also depict that enhancing the empty areas of original images cause improvement of noise on the images only. Because of above reasons, it is necessary to apply a new method to analyze the input image before using contrast enhancement method and we propose a learning-based approach to increase the quality of handwritten document images. Window method is widely used as a local-based method to enhance the contrast of the images. However, these methods mostly use filter techniques in window to reduce the noise by considering local parameters. For instance, Varghahan et al. [4] proposed a window approach which uses median filter within the window to smooth pixels in the center of the window relative to the rest of pixels. Another window-based contrast enhancement technique was proposed in [6] and it uses a small window that slides through every image pixel sequentially. However, the method enhances all pixel intensities and noise in the input images. In this work, we use learning-based window which makes decision about the contrast quality of handwriting within the window. Thus, contrast enhancement method will be applied only to the low contrast of the document image.
Quality Measurement Within the Window and using k-means clustering
In order to understand the quality of handwriting in the window, it is necessary to estimate the quantitative results of each window because they are used in the unsupervised learning technique. However, it is difficult to estimate the quantitative results of a single window image X P and assign the quality of each patch as bad or good. The following quantitative measurement methods are used to estimate the quantitative results of X P and we use two quantitative methods which are discrete entropy (DE) [11] , and edge-based contrast measure (EBCM) [12] . Note that, measurements have been completed before applying k-means clustering. 1) DE [11] : The DE measures the content of X P and a greater value indicates more details on the windowing image. DE is defined as
p(a j ) is the probability of the pixel intensity a j , which is estimated from the normalized histogram.
2) EBCM [12] : It is based on the observation of edges on the windowing image. EBCM value of output image should be smaller than the EBCM value of the input image for better result and it is defined as
where
where x, y denote the pixel coordinates of the X P and N (i, j) is the set of all neighboring pixels of pixel (i, j). We use 15 × 15 map for the image to estimate the EBCM. After obtaining quantitative results of the X P , they are used in the unsupervised algorithm to assign the patches into two different clusters which are as a bad or as a good. To partition them, we used k-means clustering method which is an efficient and fast unsupervised learning approach [13] . The k-means clustering method is one of the most used clustering approach and it has been used in many different problems in image processing such as quantization, satellite images, segmentation etc. Let A and B be the two different clusters which were obtained by using the k-means clustering for a set of data (quantitative results) and µ A and µ B be the centroid of the two clusters, respectively. Centroid of the two clusters in the clustering method are initialized with the first two different values of DE and EBCM results which are computed from the handwritten document image and they are updated in the method. Note that, A indicates low contrast and B indicates high contrast of the window. Thus, obtained all DE and EBCM results are used for the distance based estimation approach in k-means clustering as follows:
where k DE and k EBCM denote the quantitative results of the windowing image by using Eqns. 1 and 2, d A and d B show the distance between the estimated value and centroid of the clusters. Besides this, they are used to update the centroid of each cluster µ A and µ B . Based on the decision making strategy, the contrast of the window image is low if d A is greater than d B and contrast enhancement method is applied to the window. After that, the final window image is obtained by using the GMM. On the other hand, window moves to the next part of the document image.
Gaussian Mixture Model (GMM) For Image Representation
GMM is a technique to shape a single image histogram into the several Gaussian-shaped histograms where the mean of them shows the corresponding average pixel intensity levels and the variance corresponding to their texture details [14] . They are divided by their mean values and spread out based on their variances which will indicate the global histogram of GMM of the input image [14] . In this work, GMM is used to find two different Gaussian-shaped histograms on the original windowing image and enhanced windowing image. After that, it is used to exchange the information between the original and enhanced images smoothly in order to discard the undesired artifacts and create final document image. Thus, the proposed method provides information preservation of input document image by using GMM. Let X 1 and X 2 be the original windowing image and enhanced windowing image respectively. The gray-level Gaussian distribution p(x 1 ) of the X 1 and p(x 2 ) of the X 2 can be modeled with two mixture functions by using the GMM as follows:
where p(x|w i ) is the ith component density and P (w i ) is the prior probability of the data points generated from component w i of the mixture, and µ wi and σ 2 wi are the mean and the variance of the ith component, respectively. By combining Gaussian distributions of X 1 and X 2 , we obtain the distribution of final enhanced handwriting image as follows:
As a result, important parts of two windowing images can be combined to represent the final windowing image which is better than the both X 1 and X 2 in terms of quality of handwriting and quality of image.
EXPERIMENTAL RESULTS
To assess the qualitative performance, proposed method was compared with the various contrast enhancement methods which are General Histogram Equalization (GHE) [3] , Brightness preserving histogram equalization (BPHE) [15] , Flattest histogram contrast enhancement (FHCE) [16] . Note that, proposed method was combined with the modified histogram for contrast enhancement (MHCE) [10] . In the first experiment, four different methods have been applied to the three different windowing images as shown with labels in Fig. 4 . Existing contrast enhancement methods enhance the contrast of the input image but they also enhance the noise on the windowing image. Therefore, the quality of three different windowing images are very low and it is hard to perceive the handwriting within each window. On the other hand, proposed method enhances the contrast of the handwriting as well as provides information preservation of the input document image. In the second experiment, implemented methods were applied to four different datasets which are low contrast Swedish handwritten images, selected images of DIBCO 2010, DIBCO 2012 and DIBCO 2013 in a single run. Table 1 depicts the computative results of handwritten images which are computed using DE, EBCM and PSNR methods. Based on the results, proposed method is the best performing approach of the comparison, with the average quality estimation of 3.17 bpp, 0.095, and 21.46 dB for the DE, EBCM and PSNR, respectively. According to the DE and EBCM results, it is clearly seen that the highest contrast quality of handwriting windows are obtained by using the proposed method and the lowest qualities are estimated by using the GHE method [3] . Besides this, the proposed method provides the highest quality of PSNR value of the output image. Consequently, the proposed method enhances the contrast and overcomes the problems of artifacts on the document image since other methods suffer from these artifacts, overenhance the handwriting and they are unable to preserve brightness on the image.
In the third experiment, we used document images of DIBCO2010, DIBCO2012 and DIBCO2013 [17] . As an example, four different methods have been applied to the three different document images as shown in Fig. 5 . Using existing contrast enhancement methods provide bad results as they enhance the noise on the image and overenhance the handwritten text. The main reason that they provide bad results is they applied to the whole input image directly. Therefore, the quality of images are very low and it is hard to perceive the text. However, the contrasts of texts are enhanced by using the proposed method and the quality of the handwritten images are preserved as original input image.
CONCLUSION
In this paper, we have presented a new approach to enhance the handwriting image by using learning-based windowing combined with contrast enhancement and Gaussian Mixture Model (GMM). To perform it, a fixed size window moves over the document image and qualitative measurement methods are applied to each window to estimate the quality results of the window. Estimated results are used in the unsupervised learning algorithm which is k-means clustering to assign the quality of windowing and make a decision whether the handwriting is low contrast or not. After that, contrast enhancement method is applied to the windowing image if it is low contrast and GMM is used to exchange information between the original and enhanced images to discard the undesired artifacts to create final document image. The proposed work provides a better contrast enhancement of handwriting and information preservation of input document image. The experimental results show the improvement of the contrast enhancement approach to perceive the handwriting better than the other contrast enhancement methods.
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